







































































































  V 
Resumo	







o	 estudo	 foi	 alargado	 aos	 5	 blocos	 operatórios	 gerais	 e	 à	 sala	 de	 recobro	 geral.	 Como	
complemento	 ao	 estudo,	 a	 partir	 de	 2015	 passou	 a	 ser	 feita	 a	 pesquisa	 de	 Legionella	
pneumophila	nos	ductos	do	ar	condicionado	dos	blocos	operatórios.	
A	 contaminação	 microbiológica	 do	 ar	 e	 das	 superfícies	 durante	 os	 procedimentos	
cirúrgicos	 é	 um	percursor	 das	 infeções	 do	 local	 cirúrgico,	 particularmente	das	 infeções	
incisionais	 superficiais.	 Estas	 infeções	 implicam	 uma	 proliferação	 bacteriana	 e	
subsequente	 reação	 inflamatória	 nas	 zonas	 associadas	 à	 cirurgia.	 Nas	 suas	 expressões	
mais	 graves	 pode	 condicionar	 uma	 reação	 inflamatória	 sistémica	 com	 disfunção	 ou	
falência	 multiorgânica,	 associada	 a	 um	 aumento	 de	 mortalidade	 e	 morbilidade.	 A	
avaliação	microbiológica	periódica	e	sistemática	do	ar	interior	e	das	superfícies	dos	blocos	
operatórios	 é	 assim	 essencial	 para	 garantir	 níveis	mínimos	 de	 qualidade	 e	 assegurar	 a	
saúde	e	segurança	não	só	dos	doentes,	mas	também	dos	profissionais	de	saúde.		
No	 contexto	 da	 monitorização	 anual	 da	 contaminação	 microbiológica	 do	 ar	 e	 das	
superfícies	dos	blocos	operatórios	e	das	salas	de	recobro	do	Hospital	da	Ordem	Terceira,	
pretendeu-se	 realizar	 um	 estudo	 preventivo	 com	 o	 objetivo	 principal	 de	 determinar	
pontos	 críticos	 de	 contaminação	 e	 verificar	 se	 os	 procedimentos	 de	 higienização	 e	
desinfeção	implementados	estavam	de	facto	a	ser	eficazes.	
No	que	diz	respeito	à	metodologia	utilizada,	as	amostras	de	ar	foram	recolhidas	através	
do	 método	 de	 impactação	 com	 o	 equipamento	 MAS-100	 (Merck®)	 e	 as	 amostras	 de	
superfície	 foram	 recolhidas	 com	 placas	 de	 contacto	 (superfícies	 regulares)	 ou	 com	




  VI 
A	pesquisa	de	Legionella	pneumophila	foi	feita	nos	ductos	do	ar	condicionado	dos	blocos	
operatórios	 através	 da	 recolha	 da	 água	 de	 condensação	 e	 utilizando	 o	 método	 da	
zaragatoa.	 Esta	 bactéria	 pode	 persistir	 por	 longos	 períodos	 de	 tempo	 na	 água	 e	 é	






se	 observou	 um	 número	 incontável	 de	 colónias.	 A	 amostra	 mais	 contaminada	 (241	
CFU/500L)	 foi	 colhida	 em	 frente	 ao	 Bloco	 Operatório	 3	 no	 ano	 2015.	 Como	 seria	
espectável,	 a	 contaminação	 do	 ar	 no	 corredor	 em	 frente	 aos	 blocos	 operatórios	 foi	
superior	ao	interior	dos	blocos	operatórios.		
Relativamente	às	amostras	de	superfícies,	foram	colhidas	980	amostras	das	quais	48%	não	
revelaram	 qualquer	 crescimento	 microbiológico.	 Os	 locais	 de	 amostragem	 que	 estavam	





com	 o	 esperado	 uma	 vez	 que	 os	 blocos	 operatórios	 têm	 procedimentos	 de	 limpeza	 e	
desinfeção	mais	frequentes	e	rigorosos.	
As	bactérias	isoladas	nos	blocos	operatórios	e	nas	salas	de	recobro	foram	Staphylococcus	




de	 amostragem	 poderão	 estar	 os	 seguintes	 fatores:	 procedimento	 de	 higienização	 e	











níveis	 de	 contaminação	 mínimos	 admissíveis	 e	 não	 há	 uniformização	 nos	 métodos	 de	
colheita	 das	 amostras,	 o	 que	 dificulta	 a	 comparação	 de	 resultados.	 Alguns	 países	 têm	
legislação	própria,	como	é	o	caso	de	França	e	Inglaterra,	no	entanto,	em	Portugal	a	única	
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Abstract		
The	Quality	Management	Department	 of	 the	Ordem	Terceira	Hospital,	 in	 collaboration	
with	the	Microbiological	Quality	Control	Laboratory	of	the	University	of	Lisbon,	initiated,	
in	 2011,	 an	 annual	 study	 concerning	 the	 microbiological	 evaluation	 of	 the	 air	 and	
(inanimate)	surfaces	in	the	ophthalmology	operating	room	(Lasik)	and	recovery	room.	As	
from	 2014,	 the	 study	 was	 extended	 to	 include	 the	 five	 general	 operating	 rooms	 and	
general	recovery	room.		





and	 equipment.	 For	 all	 the	 samples	 collected,	 the	 total	 microbial	 aerobic	 count	 was	
performed	 for	 the	quantification	of	 bacteria,	 and	 the	 total	 yeast	 and	mould	 count	was	
performed	for	the	quantification	of	yeast	and	moulds.	
As	a	complement	to	this	study,	monitoring	for	the	presence	of	Legionella	pneumophila	in	
the	ducts	of	 the	operating	 room	air	conditioners	was	also	carried	out,	 starting	 in	2015.	
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1 Introduction	
The	hospital	environment,	colonized	by	many	microorganisms,	is	composed	of	true	ecological	
niches	 (1).	 Several	 studies	 carried	 out	 over	 the	 past	 years	 (2–6)	 have	 highlighted	 the	
importance	 of	 air	 and	 surface	 contamination	 	 in	 the	 acquisition	 of	 patient	 infections	 and	
occupational	diseases.		
Already	in	the	1960’s,	the	sanitary	control	of	the	hospital	environment	was	widely	accepted	









Nowadays,	 OR	 complexes	 are	 divided	 into	 four	 different	 zones,	 based	 on	 the	 level	 of	
cleanliness,	with	the	bacterial	burden	decreasing	from	the	outer	to	the	inner	zones	(10):	










ventilation	 systems	 (with	 vertical	 flow,	 horizontal	 flow,	 or	 exponential	 laminar	 flow)	 are	
equipped	with	different	filters	according	to	the	surgical	procedures	performed	(13).		
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Studies	carried	out	in	the	United	States	(14–16)		have	reported	that	Staphylococcus	aureus,	
which	 is	a	 typical	 skin-associated	microbe,	 is	a	commonly	 isolated	microorganism	 from	OR	
environments.	 It	 can	 live	 for	weeks	or	months	on	 surfaces	 that	are	not	kept	 clean.	 In	 two	
studies	(16–18),	it	was	observed	that	there	is	a	larger	number	of	these	bacteria	in	the	critical	
zones	 (areas	 which	 are	 in	 close	 proximity	 to	 the	 patient)	 than	 in	 the	 intermediate	 and	




can	 be	 diminished	 and	 kept	 low,	 thus	 reducing	 the	 incidence	 of	 certain	 hospital-acquired	
infections	(23,24)	
Surgical	site	 infections	 (SSIs)	are	 infections	that	occur	after	surgery	 in	the	part	of	 the	body	
where	 the	 surgery	 took	 place	 and	 account	 for	 about	 14–20%	 of	 all	 hospital-acquired	
(nosocomial)	 infections	 (13).	Some	are	superficial,	 involving	only	 the	skin,	while	others	are	
more	serious	and	can	involve	tissues	under	the	skin,	organs,	or	implanted	material.	Factors	








countries,	 affecting	up	 to	one	 third	of	patients	who	have	undergone	a	 surgical	procedure,	
while	in	high-income	countries	they	are	the	second	most	frequent	type	(16).	They	can	result	
in	 significant	 patient	 illnesses	 and	 may	 be	 life	 threatening,	 especially	 among	 the	 elderly	
patients	 or	 those	 with	 chronic	 and	 immunocompromising	 conditions,	 and	 are	 due	 to	 the	
emergence	of	antibiotic-resistant	microorganisms.	From	an	economical	point	of	view,	these	
infections	have	important	consequences	on	the	healthcare	systems	of	countries	due	to	direct	
hospital	 costs	 associated	 with	 prolonged	 hospital	 stays	 and	 additional	 expenditure	 with	
medical	 staff	 and	 treatment.	 In	 addition,	 there	 are	 economic	 impacts	 resulting	 from	
diminished	worker	productivity	or	the	loss	of	life	(25,26).	In	a	recent	review,	Badia	et	al.	(26)	
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why	these	are	“hot	zones”	 for	 the	emergence	and	spread	of	microbial	 resistance.	 	 Indeed,	
studies	 in	 Europe	 (9,27–32)	 have	 shown	 that	 the	 implementation	 of	 training	 and	 sanitary	






in	which	 all	 sources	 of	 pollution	 and	 any	micro-environmental	 alterations	 are	 kept	 strictly	






floor	 and	 ventilation	 system	 (19).	 In	 addition,	 restricted	 staff	 entry,	 personnel	 hygiene,	
appropriate	staff	attire,	adequate	pre-operative	preparation	of	 the	patient,	 the	practice	of	
optimal	 surgical	 techniques,	 appropriate	 use	 of	 peri-operative	 antimicrobial	 prophylaxis,	 a	
surgical	 wound	 surveillance	 programme,	 are	 also	 pointed	 out.	 Other	 recommendations	
include	laminar	flow,	hight-efficiency	particulate	absorbing	filters,	daily	exposure	to	ultraviolet	
radiation	and	air	renewal	(2).	
Legionella	 pneumophila,	 a	 Gram-negative	 bacterium,	 is	 a	 causative	 agent	 of	 Legionnaires’	
disease,	which	 can	 be	 acquired	 in	 hospitals	 and	 result	 in	morbidity	 and	mortality	 (33,34).	
Legionnaires’	disease	was	first	described	in	association	with	an	outbreak	of	pneumonia	at	an	
American	Legion	convention	 in	Philadelphia,	Pennsylvania,	 in	1976	 (34,35).	This	bacteria	 is	
normally		found	in	man-made	water	systems,	such	as	water	of	cooling	towers	of		hospital	air	
conditioners	 (36,37).	 Legionnaire’s	 disease	 can	 be	 acquired	 by	 inhalation	 of	 aerosols	
containing	legionella,	or	by	micro-aspiration	of	contaminated	drinking	water	(33).	
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Microbial	monitoring	of	ORs	 (and	also	of	other	 controlled	 environments,	 such	as	 recovery	
rooms)	 is	 therefore	 essential	 to	 obtain	 representative	 estimates	 of	 the	 bioburden	 of	 the	
environment.	It	includes	quantitation	of	the	microbial	content	of	room	air,	compressor	air	that	
enters	 the	 critical	 area,	 surfaces,	 equipment,	 sanitization	 containers,	 floors,	 walls	 and	
personnel	 garments	and	also	 the	 search	 for	Legionella	pneumophila	 in	 the	water	 systems.	




the	 Ordem	 Terceira	 Hospital	 and	 the	 Microbiological	 Quality	 Control	 Laboratory	 of	 the	
University	of	 Lisbon,	with	 the	purpose	of	 improving	health	 care	 services	and	guaranteeing	
quality	standards	by	the	control	and	maintenance	of	environmental	quality.	
The	Ordem	Terceira	Hospital	is	situated	in	Lisbon	and	is	a	Catholic	institution	founded	in	1972.	













• to	 isolate	 and	 identify	 pathogenic	 strains	 of	 bacteria	 on	 equipments	 and	 contact	
surfaces;	
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The	investigations	carried	out	provided	data	from	which	estimates	could	be	made	of	the	levels	
of	contamination	in	various	sites	within	the	ORs	and	recovery	rooms	and	it	is	hoped	that	the	
data	 obtained	 will	 contribute	 to	 the	 overall	 knowledge	 of	 these	 environments	 and,	
subsequently,	 to	 the	 control	 of	 SSIs	 by	 the	 adoption	 of	 appropriate	 measures	 where	
necessary,	by	the	staff	and	health	professionals.		
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For	 the	 evaluation	 of	 air	 and	 surfaces,	 Trypto-Casein	 Soy	 Agar	 (TSA),	 which	 is	 a	 universal	








Vancomycin	 Polymyxin	 Cycloheximide	 (GVPC)	 (PVL™)	 were	 used.	 Both	 were	 obtained	












was	 dissolved	 in	 100-200	 mL	 of	 hot	 sterile	 bidistilled	 water	 and	 the	 volume	 was	
then	 completed	 with	 sterile	 bidistilled	 water.	 When	 necessary,	 the	 solution	 was	 slowly	
brought	to	the	boil	and	stirred	with	constant	agitation	until	completely	dissolved.	Next,	the	
culture	medium	was	sterilized	in	a	vertical	autoclave	(Amaro	200™)	at	121ºC	for	15	minutes.	
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To	 prepare	 the	 Sabouraud	 Chloramphenicol	 Agar culture	 medium,	 42,5	 g	 of	 dehydrated	
medium	 (BIO-RAD™)	 was	weighed	 using	 an	 analytical	 balance	 (Sartorius™),	 a	 scoopula	 and	
weighing	 paper.	 The	 powder	 was	 dissolved	 in	 100-200	mL	 of	 hot	 sterile	 bidistilled	 water	
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• all	 horizontal	 surfaces	 (operating	 table,	 instrument	 table,	 supports,	 electric	 scalpel	
accessories,	…)	are	damp-wiped	with	ANIOS	D.D.S.H	
• the	 floor	 is	washed	with	 Surfanios	 Premium	 (Laboratoires	 ANIOS™),	 a	 disinfectant	
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Suitable	 precautions	 were	 taken	 to	 minimize	 contamination	 of	 media	 by	 the	 sampler	
operators.	Before	entering	the	restricted	area	of	the	ORs,	scrubs,	hair	coverings,	face	masks,	
gloves	and	shoe	covers	were	put	on	and	all	the	material/equipment	were	cleansed	with	70%	
isopropanol	with	water	 for	 injection	 (Crystel	Gold-Sterile™).	 In	 addition,	 conversations	 and	
movements	were	minimized	during	and	immediately	prior	to	sampling.	
The	 choice	 of	 sampling	 points	 was	 made	 after	 consultation	 with	 the	 Quality	 Control	
Department	Engineer	and	targeted	the	most	critical	sites	in	the	operating	and	recovery	rooms.	
It	should	be	pointed	out	that	during	the	course	of	the	study,	there	was	an	adjustment	of	the	
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were	 collected	 from	 each	 critical	 point	 using	 this	 method,	 one	 for	 the	 TSA	 medium	 and	
another	for	the	Sabouraud	Chloramphenicol	Agar	medium.		
Some	sites	where	the	Swab	Test	was	used	included	ball	point	pens,	schwins	button,	operating	
table	 handle,	 microscope	 objective	 and	 ocular,	 round	 button	 next	 to	 door,	 door	 handle,	
incubator,	 telephone,	 sink	 tap,	 light	 switches,	 computer	 keyboard,	 trolley,	 respiratory	
ventilator,	surgical	light	button,	computer	mouse,	intercom,	serum	stand,	Aliseo	equipment	
buttons,	mobile	phone,	equipment	controls	and	calculator.	
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containing	 activated	 charcoal,	 rubbed	 and	 rolled	 firmly	 several	 times	 in	 all	 directions	
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Sabouraud	Chloramphenicol	Agar media.	These	culture	plates	were	incubated	at	32,5±2,5	ºC	
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Yeast	and	Fungi	Count	 (TYMC)	were	performed	and	 the	 results	were	expressed	as	 colony-
forming	units	(CFU)/500L	for	the	air	samples	and	as	CFU/plate	for	the	surface	samples.		
The	TAMC	is	considered	to	be	equal	to	the	number	of	colonies	of	bacteria	found	using	TSA	
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was	 used.	 	 Trypto-Casein	 Soy	 Agar	 was	 used	 for	 isolation	 of	 bacteria	 and	 Sabouraud	
Chloramphenicol	Agar	media	was	used	for	isolation	of	yeast	and	fungi.	
	

































6,0	 0,8	 105,4	 17,6	 115,5	 2,3	 75,6	 6,9	
Lasik	
Room	 6,3	 2,3	 17,3	 4,7	 19,0	 6,7	 14,2	 4,6	
OR1	 16,0	 4,0	 35,5	 2,5	 26,3	 1,5	 25,9	 2,7	
OR2	 19,6	 17,0	 21,4	 4,8	 42,0	 2,0	 27,7	 7,9	
OR3	 34,5	 2,8	 97,3	 30,0	 26,3	 0,3	 52,7	 11,0	
OR4	 45,8	 4,3	 37,5	 9,5	 25,0	 0,8	 36,1	 4,8	
OR5	 15,0	 18,8	 76,5	 46,5	 18,8	 1,3	 36,8	 22,2	
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Taking	 only	 into	 account	 the	 samples	 collected	 in	 the	 period	 2014-2016,	 the	 highest	
airborne	 bacterial	 concentration	 averages	 occurred	 in	 the	 general	 recovery	 room	 (75,6	
CFU/500L)	 and	 in	 the	 Lasik	 recovery	 room	 (57,2	 CFU/500L).	 The	 highest	 airborne	 TYMC	
average	was	31,2	CFU/500L	and	also	occurred	 in	 the	 general	 recovery	 room.	 Lower	TAMC	
averages	were	observed	in	the	Lasik	room	(14,2	CFU/500L)	and	in	OR1	(25,9	CFU/500L).	The	
lowest	airborne	TYMC	averages	were	observed	in	OR1	(2,7	CFU/500L)	and	in	the	Lasik	room	
(4,6	 CFU/500L)	 (see	Table 3.1).	 These	 results	 were	 as	 one	might	 expect,	 since	 operating	
rooms	are	high	risk	areas	subjected	to	strict	cleaning	and	sterilization	procedures. 
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the	 air	 samples	 (52%).	 The	 remaining	 48%	 corresponded	 to	Bacillus	 spp.	 (Figure	 3.6).	 The	
Staphylococcus	species	identified	were	Staphylococcus	epidermidis	(50%)	and	Staphylococcus	
cohnii	(50%).		
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of	the	coagulase-negative	staphylococci	on	human skin and mucous membrane microflora and 
presents unique problems in the diagnosis and treatment of infections involving biofilm 
formation on implanted biomaterials	(42,43).	
Stphylococcus	cohnii	is	a	coagulase-negative	staphylococci	and	is	considered	as	normal	flora.	




recent	 advances	 in	 medical	 technology	 and	 an	 increased	 number	 of	 immunosuppressed	
patients,	 it	 has	 become	 increasingly	 recognized	 as	 an	 opportunistic	 pathogen	 in	 the	
hospitalized	patient.		






most	 frequent	 groups	 of	 fungi	 to	 be	 Cladosporium,	 yeasts,	 Alternaria,	 Penicillium	 and	
Aspergillus	(47).		
These	studies,	 including	other	previous	studies	(23,48)	support	our	findings	concerning	the	
prevalence	 and	 persistence	 of	 certain	 bacterial	 and	 fungal	 species	 in	 the	 hospital	
environment.	
	
To	 date,	 there	 are	 no	 published	 international	 guidelines	 establishing	 limits	 of	 acceptable	
microbial	contamination	levels	for	hospital	environments	such	as	ORs	and	recovery	rooms.		





level	 of	 biological	 contamination	 (19).	 However,	 in	 some	 studies	 (30,49)	 there	 was	 no	
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Recommended	 limits	 for	 microbial	 contamination	 of	 clean	 areas	 during	 operation	 is	 10	
CFU/m3		for	Grade	B	and	100	CFU/	m3	for	Grade	C	(50).	 In	our	study,	only	3%	of	all	 the	air	
samples	 collected	 in	 the	 six	 years	 in	 the	 ORs	 revealed	 a	 contamination	 level	 above	 50	
CFU/500L.	
Some	countries	have	established	their	own	standards	concerning	allowed	airborne	microbial	







for	 	 indoor	 air	 quality	 of	 buildings.	More	 recently,	 in	 2013,	 a	 new	 legislation	 (D.L.	 Nº353-





However,	 it	 should	 be	 emphasized	 that	 this	 legislation	 is	 not	 specific	 for	 hospital	
environments,	where	 a	 high	 degree	 of	 cleanliness	 is	 required,	 but	 for	 buildings	 in	 general	
(shopping	centres,	schools,	gymnasiums,	etc.).	Clean	rooms,	such	as	ORs,	must	have	the	most	
stringent	 standards	 because	 the	microbiological	 contamination	 levels	 of	 indoor	 air	 should	
obviously	be	lower	than	those	of	outdoor	air.	
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wide	 range	 of	 inanimate	 surfaces	 within	 the	 Lasik	 room	 and	 Lasik	 recovery	 room	 were	
collected	 and	 analyzed.	 As	 from	 2014,	 when	 the	 study	 was	 extended	 to	 include	 the	 five	
general	 ORs	 and	 the	 general	 recovery	 room,	 a	 total	 of	 772	microbiological	 samples	 were	
taken.	The	sampling	sites	included	operating	room	tables,	surgical	lights,	anaesthetic	trolleys,	
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0,0%	 0,0%	 0,0%	 0,0%	 0,0%	 0%	 0%	 0,0%	
Lasik	
Room	 0,0%	 0,0%	 0,0%	 0,0%	 28,6%	 19,0%	 10,3%	 6,9%	
OR1	 0,0%	 0,0%	 0,0%	 0,0%	 6,7%	 0%	 2,0%	 0,0%	
OR2	 0,0%	 0,0%	 0,0%	 0,0%	 0,0%	 0%	 0%	 0,0%	
OR3	 0,0%	 0,0%	 0,0%	 0,0%	 0,0%	 0%	 0%	 0,0%	
OR4	 5,6%	 0,0%	 0,0%	 0,0%	 7,1%	 0%	 2,0%	 0,0%	















high	 hand-touch	 surfaces	 require	 special	 attention	 and	 more	 frequent	 cleaning.	 After	
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thorough	 cleaning,	 the	 use	 of	 appropriate	 disinfectants	 to	 decontaminate	 these	 surfaces	
should	be	used.	
	
Table	 3.3	 –	 TAMC	 and	 TYMC	 averages	 (expressed	 in	 CFU/plate)	 of	 the	 surface	 samples	
collected	in	each	OR	and	each	recovery	room,	for	the	years	2014	to	2016.	The	Contact	Plate	
Method	 and	 the	 Swab	 Test	 were	 used.	 The	 Trypto-Casein	 Soy	 Agar	 and	 the	 Sabouraud	
Chloramphenicol	Agar	media	were	used	for	the	isolation	of	bacteria,	and	yeast	and	fungi,	
respectively.	

































17,2	 2,5	 32,0	 6,0	 66,2	 1,6	 38,5	 3,4	
Lasik	
Room	 4,0	 0,9	 3,5	 0,8	 59,8	 7,7	 22,4	 3,1	
OR1	 12,8	 1,5	 23,8	 0,7	 8,2	 0,2	 15,0	 0,8	
OR2	 13,9	 3,7	 13,4	 0,3	 10,2	 0,1	 12,5	 1,4	
OR3	 8,4	 3,1	 11,0	 0,1	 18,0	 0,8	 12,5	 1,3	
OR4	 19,6	 0,8	 5,0	 0,4	 11,0	 0,4	 11,9	 0,5	
OR5	 11,0	 2,0	 2,6	 0,3	 6,1	 0,5	 6,6	 0,9	
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According	 to	 the	 guidelines	 for	 Good	 Manufacturing	 Practice,	 previously	 mentioned,	 the	
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With	 regard	 to	 the	 bacteria	 isolated	 from	 the	 surface	 samples	 collected	 in	 the	 ORs	 and	
recovery	rooms,	it	was	found	that	Bacillus	spp.	was	the	predominant	bacterial	species	in	the	
ORs	 and	 recovery	 rooms	 (61%),	 followed	 by	 Staphylococcus	 spp.	 (39%)	 (Figure	 3.13).	 The	
Staphylococcus	species	identified	were	Staphylococcus	epidermidis	(54%)	and	Staphylococcus	
cohnii	(46%).	The	predominant	fungal	species	found	in	the	samples	collected	in	all	the	rooms	











conditioners.	 This	 bacteria	 was	 not	 detected	 in	 any	 of	 the	 12	 condensed	 water	 samples,	
neither	in	any	of	the	12	swab	samples	collected	in	these	years.	
It	 is	 important	 to	 note	 that	 the	 International	 Organization	 for	 Standardization	 (ISO	
11731:2017)	recommends,	for	the	microbial	monitoring	of	cooling	towers,	the	no	detection	
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It	 is	 known	 that	microbial	 contamination	 during	 a	 surgical	 procedure	 is	 a	 precursor	 to	
surgical	site	infection	which	can	result	in	morbidity	and	mortality.		In	particular,	superficial	
surgical	 site	 infections	 are	often	 associated	with	 environmental	 factors	 such	 as	 air	 and	
surface	contamination	by	yeast,	fungi	and	bacteria.		
In	 this	 study,	 the	 levels	 of	 air	 and	 inanimate	 surface	 contamination	 in	 the	 operating	 and	
recovery	rooms	were	evaluated	and	the	critical	points	of	contamination	were	 identified.	 In	
addition,	 monitoring	 for	 the	 presence	 of	 Legionella	 pneumophila	 in	 the	 ducts	 of	 the	 air	
conditioners	of	 the	operating	rooms	was	also	performed.	This	bacteria	can	persist	 for	 long	
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In	the	several	sampling	sites,	the	TAMC	was	almost	always	higher	than	the	TYMC.	
The	sampling	sites	showing	higher	microbial	contamination	were	those	in	direct	contact	with	
the	 patient	 or	 health	 professionals.	 These	 included	 equipment	 controls,	 calculator,	
anaesthesia	cart,	surgical	table,	static	microscopes	and	switches.	








Legionella	 pneumophila	 was	 not	 detected	 in	 any	 of	 the	 samples	 collected	 in	 2015	 and	
2016.	
The	contamination	peaks	observed	could	be	associated	with	 inadequate	hygienization	and	
disinfection	procedures,	 changes	 in	environmental	 conditions	 (temperature	and	humidity),	
lack	of	effectiveness	of	 the	 filters	 in	 the	ventilation	system,	or	contamination	by	operators	
during	sampling.																																																					
A	periodic	 review	of	 the	microbiological	quality	of	 the	air	and	 surfaces	 (which	permits	 the	
detection	 of	 critical	 contamination	 points),	 associated	 with	 cleaning/disinfection	 plans,	
contributes	to	the	quality	control	of	these	rooms	and	thus	to	the	prevention	of	surgical	site	
infections	and	other	nosocomial	infections.	





evaluating	 the	 surface	 contamination	 after	 surgery,	 before	 and	 after	 the	 cleaning	 and	
disinfection	process.		
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	The	aim	is	also	to	target	lower	maximum	contamination	levels	(such	as	those	set	in	the	French	





bacterial	 pathogens	 can	 influence	 the	 reported	 level	 of	 environmental	 contamination.	
Standardized	 methods	 of	 environmental	 sampling	 would	 allow	 the	 implementation	 of	
guidelines	 for	acceptable	 levels	of	environmental	 contamination	 (air	and	surfaces),	and	
thus	facilitate	research	by	enabling	meaningful	comparisons	to	be	made	between	research	
studies.	
Unfortunately,	 to	 date,	 there	 is	 no	 international	 standard	 for	 allowed	 microbial	
contamination	 in	 operating	 rooms,	 but	 several	 countries	 have	 adopted	 their	 own	
standards.	In	Portugal,	the	only	existing	legislation	(D.L.	Nº353-A/2013)	concerns	indoor	
air	 quality	 which	 is	 not	 specific	 for	 hospital	 environments,	 where	 a	 high	 degree	 of	
cleanliness	 is	 required.	 It	 is	 of	 utmost	 importance	 that	 operating	 rooms	have	 the	most	
stringent	standards.	
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Appendix	








































































door		 0	 0	 28	 5	 11	 1	
Air	in	operating	table	area	 3	 1	 9	 1	 8	 1	
Air	at	personnel		entrance	
door	 3	 0	 26	 4	 3	 1	
Air	in		front	of	room	1	






TAMC	(CFU/500L)	 TYMC	(CFU/500L)	 TAMC	(CFU/500L)	 TYMC	(CFU/500L)	 TAMC	(CFU/500L)	 TYMC	(CFU/500L)	
Air	at	patient	entrance	
door		 74	 83	 35	 9	 47	 0	
Air	adjacent	to	operating	
table	legs		 4	 0	 14	 4	 37	 1	
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Air	at		personnel	entrance	
door	 0	 0	 19	 4	 19	 2	
Air	adjacent	to	3	stored	
equipments		 10	 2	 26	 2	 —	 —	
Air	next	to		window		 10	 0	 13	 5	 —	 —	
Air	in	front	of	room	2	













door	 8	 0	 24	 28	 9	 0	
Air	at	end	of	room	facing	
operating	table	 3	 0	 104	 33	 18	 0	
Air	at	personnel	entrance	
door		 5	 0	 20	 37	 10	 0	
Air	in	front	of	room	3	



















door	 3	 3	 27	 9	 10	 1	
Air	at	end	of	room	facing	
the	window		 14	 1	 35	 10	 34	 0	
Air	at	end	of	room	facing	
operating	table	 7	 1	 25	 11	 6	 0	
Air	in	front	of	room	4	



















door		 9	 0	 29	 57	 14	 0	
Air	at	end	of	room	facing		
operating	table	 3	 0	 43	 5	 15	 1	
Air	at	end	of	room	facing	
personnel	door	 2	 0	 15	 31	 11	 1	
Air	in	front	of	room	5	
(outside)	 46	 75	 219	 93	 35	 3	
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Air	at	entrance	door	 9	 0	 95	 8	 108	 1	
Air	between	beds	(facing	
exit)	 8	 0	 97	 18	 34	 3	
Air	at	exit	door	 8	 2	 228	 39	 111	 1	
Air	in	administrative	area	
(reception)	 1	 2	 47	 17	 —	 —	
Air	between	beds	(facing	
entrance)	 4	 0	 60	 6	 —	 —	
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control	 0	 0	 1	 0	 5	 6	 2	 0	 1	 1	 0	 0	
Telephone	 0	 0	 0	 0	 1	 0	 0	 0	 0	 1	 0	 0	
Printer	stand	 1	 0	 6	 0	 7	 0	 0	 1	 28	 0	 >300	 >300	
Round	button	
next	to	door		 0	 0	 2	 0	 0	 0	 0	 0	 0	 0	 1	 1	
	Corneo	stands	 0	 1	 5	 0	 13	 0	 1	 1	 1	 0	 >300	 >300	
Computer	 8	 1	 300	 0	 0	 0	 0	 0	 3	 8	 >300	 >300	
Schwind	 —	 —	 300	 0	 2	 0	 10	 0	 0	 0	 32	 0	
Statim	 >300	 0	 0	 0	 5	 0	 0	 0	 1	 1	 1	 1	
Printer	 0	 0	 300	 0	 12	 0	 1	 0	 0	 0	 47	 4	
Operating	
table	handles	 0	 0	 300	 0	 12	 0	 11	 0	 2	 0	 281	 1	
Objectives	
(ocular)	 10	 0	 32	 0	 1	 1	 23	 0	 0	 0	 >300	 0	
Operating	
table	 3	 0	 34	 0	 10	 0	 2	 0	 11	 0	 61	 0	
Bausch	e	Lomb	
-	bench	 0	 0	 300	 0	 9	 1	 2	 1	 1	 1	 0	 0	
Schwind	-	
buttons	 7	 0	 300	 0	 100	 0	 1	 0	 3	 1	 129	 129	




1	 2	 300	 0	 26	 1	 19	 12	 8	 2	 >300	 >300	
Ball-point	pen	 0	 0	 32	 0	 0	 0	 0	 1	 2	 0	 160	 0	
Statim	-	bench	 2	 0	 300	 0	 0	 0	 0	 0	 0	 0	 2	 3	
FEMTO	LDV	Z6	 —	 —	 —	 —	 —	 —	 —	 —	 5	 0	 0	 0	




0	 0	 2	 0	 20	 0	 —	 —	 —	 —	 —	 —	
Air	conditioner	
control	 0	 0	 0	 0	 8	 0	 —	 —	 —	 —	 —	 —	
Telephone	 0	 0	 0	 0	 6	 0	 —	 —	 —	 —	 —	 —	
Printer	stand	 0	 0	 1	 0	 0	 0	 —	 —	 —	 —	 >300	 0	
Round	button	




—	 —	 —	 —	 —	 —	 —	 —	 —	 —	 —	 —	
Aspirec	AC1-R	 0	 0	 43	 0	 —	 —	 —	 —	 —	 —	 —	 —	
Masterguard	 0	 0	 —	 —	 —	 —	 —	 —	 —	 —	 —	 —	
Lamp	 0	 0	 —	 —	 —	 —	 —	 —	 —	 —	 —	 —	
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Cupboard	glass	doors	 12	 13	 5	 0	 51	 0	
Surgeon’s	chair	 46	 1	 53	 2	 22	 0	
X-ray	observation	panel	 1	 0	 7	 0	 0	 0	
Support	tables	 0	 0	 1	 0	 1	 0	
Anaesthesia	carts	 4	 0	 14	 3	 >300	 0	
Cupboard	stainless	steel	
doors	 6	 0	 2	 1	 0	 0	
Computer	keyboard	 5	 0	 4	 0	 0	 0	
Operating	table	 6	 2	 2	 0	 0	 0	
Leica	microscope	 60	 3	 204	 3	 13	 0	
Thermo-hygrometer	 1	 1	 1	 0	 —	 —	
Shelves	 1	 0	 2	 —	 2	 2	
Equipment	 2	 2	 88	 1	 7	 1	
Personnel	entrance	door	 4	 2	 8	 0	 3	 0	
Patient	entrance	door	 12	 0	 9	 0	 1	 0	
Switches	 19	 0	 0	 1	 —	 —	
Exit	door	
soiled	material	 2	 0	 3	 0	 14	 0	
Datex	Ohmega-	
Oxigenometer	 37	 1	 —	 —	 —	 —	


















Cupboard	glass	doors	 3	 0	 1	 0	 0	 0	
Personnel	entrance	door	 5	 0	 4	 4	 7	 0	
Anaesthesia	cart	 8	 2	 0	 0	 —	 —	
Electric	scalpel		 0	 4	 3	 0	 1	 0	
Intercom	 18	 0	 11	 0	 0	 0	
Pantofes	 12	 9	 9	 0	 0	 0	
Computador	keyboard	 0	 0	 55	 0	 6	 1	
Computer	mouse	 58	 6	 10	 0	 1	 0	
Anaesthesia	stool		 7	 19	 19	 1	 21	 0	
Serum	supports	 0	 0	 33	 0	 7	 0	
Ventilator		
above	monitor	 1	 1	 29	 0	 0	 0	
Ventilator	connections	 0	 0	 34	 1	 19	 0	
Sevorane	vapor	2000	 15	 1	 5	 0	 8	 0	
Mobile	equipament	 56	 19	 4	 0	 54	 0	
Air	outlet	grid	 67	 6	 24	 0	 29	 0	
Stainless	steel	door	 0	 0	 0	 0	 0	 0	
Ventilator		
below	Monitor		 0	 0	 0	 0	 —	 —	
Operating	table	 1	 0	 0	 0	 —	 —	
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door	 4	 0	 3	 0	 0	 0	
Operating	table		 4	 0	 0	 0	 17	 0	
Patient	entrance	door	 0	 0	 0	 0	 —	 —	
	Anaesthesia	cart	 0	 4	 14	 1	 9	 3	
Surgeon/Anaesthetist	
chair	 50	 0	 1	 0	 16	 0	
Switches	and	exit	
sensors	 20	 0	 1	 0	 95	 1	
Cupboard	glass	doors	 0	 0	 11	 0	 25	 0	
Ventilator	cart	 11	 0	 41	 1	 3	 0	
Vaporizer	 2	 0	 3	 0	 32	 2	
Behind	ventilator	
(pipes)	 2	 0	 4	 0	 0	 0	
Mobile	equipment	 6	 0	 —	 —	 15	 0	
Electric	scalpel	 6	 0	 23	 0	 19	 0	
Intercom	 28	 49	 72	 0	 3	 0	
Pantofes	 0	 0	 0	 0	 34	 1	
X-ray	Negatoscope	 0	 0	 1	 0	 1	 5	
Stethoscope	 10	 0	 7	 0	 1	 0	
Support	tables	 0	 0	 0	 0	 —	 —	
Waste	products/	


















Personnel	entrance	door	 3	 0	 2	 1	 18	 1	
Operating	table	 >300	 0	 2	 0	 0	 0	
Ventilator	 0	 0	 1	 1	 1	 0	
Sevorane	doser	 0	 0	 3	 0	 25	 0	
Stryker	 1	 0	 0	 2	 8	 0	
Computador	keyboard	 0	 0	 50	 1	 4	 0	
Patient	entrance	door	 4	 0	 0	 0	 1	 1	
Glass	cupboards	 5	 0	 14	 0	 3	 1	
Stainless	steel	cupboards	 1	 1	 13	 1	 24	 0	
Window	 0	 0	 0	 0	 —	 —	
Anaesthesia	cart	 14	 3	 1	 0	 0	 0	
Surgeon/	Anaesthetist	
chair	 3	 1	 4	 1	 3	 0	
Switches	and	exit	sensors		 11	 1	 0	 0	 49	 0	
Arcadis	 0	 4	 0	 0	 >300	 2	
Mobile	benches		 —	 —	 0	 0	 —	 —	
Heart	rate	monitor	 26	 0	 0	 0	 7	 1	
Equipment	 1	 0	 0	 0	 —	 —	
Mobile	microscope	 262	 4	 —	 —	 —	 —	
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device	 1	 0	 300	 1	 131	 0	 4	 0	 13	 4	 0	 0	
Right	chair	
back	 0	 0	 300	 0	 4	 0	 1	 1	 1	 0	 104	 0	
Door	handle	 1	 0	 300	 0	 4	 0	 1	 0	 1	 0	 5	 0	
Surgeon´s	
























Anaesthesia	cart	 43	 19	 1	 0	 12	 2	
Vaporizor	 7	 2	 1	 5	 0	 0	
Personnel	door	 14	 0	 4	 0	 1	 0	
Cables		anaesthetic	gases		 66	 0	 4	 0	 1	 0	
Intercom	 1	 0	 6	 0	 2	 0	
Eq.	Aliseo	Buttons	 0	 0	 1	 0	 1	 0	
Serum	bench		 0	 0	 1	 0	 13	 0	
Glass	cupboards		 3	 1	 1	 0	 1	 0	
Stainless	steel	cupboards	 29	 0	 1	 1	 0	 0	
Computer	mouse	 0	 0	 0	 0	 15	 1	
Surgeon/	Anaesthetist	
chair	 2	 8	 2	 0	 10	 0	
Computer	keyboard	 9	 0	 18	 0	 0	 0	
Static	microscopes	 >300	 6	 1	 0	 9	 1	
Pantofes	 0	 0	 0	 0	 13	 2	
Wall	and	door	switches			 >300	 0	 3	 0	 14	 1	
Patient	entrance	door	 1	 0	 1	 0	 —	 —	
Operating	table	 1	 0	 1	 0	 —	 —	
Ventilator	 0	 0	 0	 0	 —	 —	
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Right	chair	
arm	 4	 0	 4	 0	 47	 3	 —	 —	 12	 2	 >300	 0	
Surgeon’s	
bench	 2	 0	 0	 0	 0	 0	 —	 —	 —	 —	 7	 0	
Switches	 3	 0	 0	 1	 2	 0	 —	 —	 —	 —	 —	 —	
Left	chair	


















	1st	bed	handle		(feet	zone)	 33	 12	 55	 4	 46	 0	
Sink	bench	 92	 4	 18	 12	 132	 0	
Computer	bench	 0	 8	 123	 9	 30	 0	
Computer	keyboard	 0	 0	 119	 45	 167	 0	
Chair	in	administrative	area	 17	 0	 44	 49	 63	 0	
Telephone	 34	 0	 64	 7	 118	 2	
Anaesthesia	cart/ventilator	 20	 11	 41	 0	 84	 2	
Sink	tap	 5	 0	 37	 0	 50	 1	
Cupboard	handles	 0	 0	 9	 2	 —	 —	
Bed	headboard	 0	 3	 30	 0	 76	 7	
Light	switches	 0	 0	 8	 0	 —	 —	
Serum	supports	 0	 0	 2	 0	 4	 3	
Portable	blood	pressure	
monitors	 50	 5	 98	 2	 2	 0	
Suspended	monitor	 2	 1	 0	 0	 —	 —	
Wooden	cupboard	 22	 0	 7	 0	 106	 2	
Handle	wooden	drawers	 0	 0	 9	 0	 —	 —	
Heating	chamber	 7	 2	 13	 1	 2	 5	
Glove	cupboard	glass	door	 63	 0	 1	 0	 25	 0	
Sensors		(opening	door)	 33	 0	 19	 0	 88	 2	
Cupboard	storeroom	entry		 1	 1	 1	 0	 —	 —	
	Transport	table	for	small	
material	 0	 0	 3	 0	 —	 —	
Mobile	work	bench	 0	 7	 4	 2	 —	 —	
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METHODS
§ For the investigation of Legionella pneumophila, condensed water from the air
conditioners and the Swab Test were used (ISO 11731 and 11731-2:2004).
AIM
RESULTS
§ Legionella pneumophila was not present in any of the samples collected.
INTRODUCTION
Microbiological assessment of operating rooms (ORs) is
crucial for maintaining an aseptic environment and
preventing surgical site infections. Studies carried out in
Europe and the USA provide evidence of the importance
of environmental microbiological control in the
prevention of these infections(1,2) .
The Quality Management Department of the Ordem
Terceira Hospital, in collaboration with the
Microbiological Quality Control Laboratory of FFUL,
initiated, in 2011, an annual study concerning the
microbiological evaluation of air and surfaces in the
ophthalmology OR (Lasik) and recovery room. As from
the year 2014, the study was extended to five general
ORs and corresponding recovery room.
As a complement of the study, monitoring of Legionella
pneumophila in the ducts of the OR air conditioners was
also undertaken as from 2015.
CONCLUSION
§ The results from the samples collected from multiple points within the ORs and recovery rooms during the several years of our study were
almost all within the limits specified in the existing legislation (D.L. Nº353-A/2013). In fact, only 2-5% of the surface samples collected in the
Lasik room and recovery room and in three of the general ORs revealed TAMC>500 CFU/m2. With respect to fungi, of all the surface samples
collected in the various ORs and recovery rooms, only 7% of those collected in the Lasik room revealed TYMC above the limit established.
§ A periodic review of the microbiological quality of the air and surfaces, associated with cleaning/disinfection plans, contributes to the quality
control of these rooms, the detection of critical contamination points and the prevention of surgical site infections.
§ The Impaction Method using Merck® MAS 100 equipment was
used for collecting indoor air samples.
§ The Contact Plate Method and the Swab Test were used for
surface sampling.
§ For all samples, the Total Aerobic Bacteria Count (TAMC) and
the Total Yeast and Fungi Count (TYMC) were performed.
Figure 1: Mean TAMC values of surface samples collected in each OR and each
recovery room in 2014, 2015 and 2016. Trypto-Casein Soy Agar medium and the























Figure 2: Mean TYMC values of surface samples collected in each OR and each
recovery room in 2014, 2015 and 2016. Sabouraud Chloramphenicol Agar medium

























Figure 3: Mean TAMC values of air samples collected in each OR and each recovery
























Figure 4: Mean TYMC values of air samples collected in each OR and each recovery
room in 2014, 2015 and 2016. Sabouraud Chloramphenicol Agar medium and the























§ Air samples from the Lasik room and
recovery room revealed mean TAMC and
TYMC values of 29,1 CFU/m3 and 4,6
CFU/m3, respectively, and those collected
in the general ORs and corresponding
recovery room revealed mean TAMC and
TYMC values of 35,7 CFU/m3 and 3,2
CFU/m3, respectively.
§ Surface samples collected in the Lasik
room and recovery room revealed mean
TAMC and TYMC values of 5,5 CFU (Colony
Forming Units)/m2 and 0,7 CFU/m2,
respectively, while those collected in the
general ORs and corresponding recovery
room revealed mean TAMC and TYMC
values of 8,0 CFU/m2 and 0,4 CFU/m2,
respectively.
§ To identify the critical contamination points within ORs
and recovery rooms.
§ To verify whether the hygienization and disinfection
processes implemented were in fact effective and if the
health professionals were implementing good practice
strategies.
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